INTRODUCTION
Oral administration is the most convenient and preferred route of drug delivery to the systemic circulation. Many attempts have been made to develop sustained release preparations with extended clinical effects and reduced dosing frequency. In order to develop oral drug delivery systems, it is necessary to optimize both the release rate of the drug and the residence time of the system within the gastrointestinal tract.
Various approaches have been used to retain dosage forms in the stomach [1] [2] [3] in order to increase gastric residence time (GRT). These include those that utilize floating [4] [5] [6] [7] , high density [3] , mucoadhesive [8] , magnetic [9] , unfoldable, extendible or swellable [10] and superporous hydrogel [11] systems. Both natural and synthetic polymers have been used to prepare floating microspheres. Preparation of hollow microspheres or microballoons of ibuprofen by the emulsionsolvent diffusion method using acrylic polymers has been reported [12] . These systems allow prolonged residence time of dosage forms in the stomach and achievement of constant plasma levels; however, it is necessary to analyze gastrointestinal transit behavior in humans to confirm the suitability of the concept as far as final design is concerned [13] .
Metformin was used as a model drug. It is an anti-hyperglycemic agent, which improves glucose tolerance in type II diabetes [14] . It is poorly absorbed from the lower gastrointestinal tract (GIT) and has a short elimination half life (1.5 -1.6 h). The objective of the present study was to develop floating microballoons of metformin in order to achieve extended retention in the upper GIT, which may result in enhanced absorption and thereby improved bioavailability.
EXPERIMENTAL Materials
Metformin hydrochloride was received as a gift from Sohan Pharmaceuticals Ltd, Pune, India. Hydroxypropyl methylcellulose, ethyl cellulose and Tween 80 were purchased from Loba Chem Pvt Ltd, Mumbai, India. Ethanol was supplied by S.D. Fine Chem Ltd, Mumbai, India. Dichloromethane was purchased from CDH Ltd, New Delhi, India. All chemicals/reagents used were of analytical grade.
Methods

Preparation of microballoons
Microballoons were prepared by solvent evaporation technique [15] . Metformin hydrochloride (100 mg) and HPMC and EC were used in different ratios i.e. 1:1, 1:2, 1:4, 1:6, 2:1, 4:1 & 6:1. The total weight of HPMC and EC per 100 mg of metformin were kept constant at 200 mg. The polymers were dissolved in a mixture of alcohol and dichloromethane (in varying ratios, i.e., 1:1, 2:1, 1:2). The total amount of solvent mixture was kept constant at 100 ml and the procedure was carried out at room temperature. The resulting solution was poured into 250 ml of distilled water containing 0.01 %v/v Tween 80, maintained at different temperatures (i.e., 10, 20, 30 and 40 0 C), and then stirred at varying agitation speed (250 -1000 rpm) for 20 min to allow the volatile solvent to evaporate. The microballoons formed were filtered, washed with distilled water and dried. 
Size and shape of microballoons
In vitro drug release
A USP paddle apparatus (Lab India, Mumbai, India), containing 900 ml of 0.1M HCl (pH 1.2) maintained at 37 ± 0.5 °C and with agitation speed set at 100 rpm ,was used to study the in vitro drug release of the microballoons [16] . Samples (5 ml) were withdrawn at intervals of 2 h, filtered through 0.25 µm membrane filter (Millipore) and analyzed spectrophotometrically at 233 nm. The volume of the dissolution medium was replenished with the same amount of fresh dissolution fluid each time a sample was withdrawn to maintain sink conditions.
Release kinetic analysis
Different kinetic equations (zero-order, first order and Higuchi's equation) were applied to the release data of the optimized batches to determine the release mechanism of the microballoons [17] [18] [19] . Drug released at specified time periods was plotted as percent drug release versus time curve (zero order kinetics). Similarly, log of % of unreleased drug was plotted versus time curve (first order kinetics) and percent of drug release was plotted versus square root of time (Higuchi model).
Buoyancy test
Microballoons (0.3 g) were spread over the surface of 900 ml of simulated gastric fluid (pH 1.2) in a USP type II dissolution apparatus (Lab India, Mumbai, India). The medium was agitated by the paddle rotating at 75 rpm for 12 h. The floating and the settled portions of microballoons were recovered separately, dried and weighed. Buoyancy was calculated as the ratio of the mass of the microballoons that remained floating and the total mass of the microballoons.
Statistical analysis
Statistical analysis was performed with the Graph Pad Instat 3 software (Graph Pad Software Inc, San Diego, CA). All the tests were run in triplicate (n = 3). Quantitative data were expressed as mean ± standard deviation (SD) and all the data were statistically analyzed by one way analysis of variance (ANOVA) with post-test (Dunnett multiple comparison test). Statistically significant difference between formulations was set at p  0.05.
RESULTS
Size and shape of microballoons
The mean particle size of the formulations (P1 to P16) was in the range of 34.2 ± 4.65 to 95.7 ± 2.2 µm ( Table 1) . The mean particle size and wall thickness of microballoons increased with increase in the polymer concentration. The results shows that the larger the particle size, the longer the floating time. The results also show that at higher temperatures, the shell of the microballoons was very thin and some of them were broken (formulation P16) which might be due to the faster diffusion of alcohol in the droplets into aqueous phase and immediate evaporation of dichloromethane following its introduction into the medium. Scanning electron microscopy (SEM) revealed pores on the microballoons (Fig 1) .
Yield and drug loading (DL)
The yield of microballoons was > 72 % for all the formulations while drug loading was in the range of 105.4 ± 1.5 to 125.5 ± 1.6 µg/mg ( Table 1) . 
Incorporation efficiency (IE)
Incorporation efficiency was in the range of 73.2 ± 1.0 to 83.9 ± 0.9 while more than 71 % microballoons remained floating at the end of 12 h. (Table 1 ).
In vitro drug release
The results in Fig. 2 indicate that the proportion of polymers in the formulation was the key factor governing drug release from the microballoons. As the polymer concentration increased, drug release from the microballoons decrease. The formulation containing a higher proportion of EC in the polymer blend exhibited lower drug release than those with HPMC in a higher proportion. Another process variable that influenced drug release was agitation speed. At higher agitation speed during preparation, smaller microballoons were formed, resulting in higher drug release. Solvent composition did not produce a significant effect (p < 0.05) on drug release. Microballoons prepared at higher temperature (40 0 C) were slightly larger in size due to the thin shell of the microballoons (Fig 3) . Cumulative drug release by the microballoons after 12 h was in the range of 60.5 ± 1.2 to 96.4 ± 1.1 %. The effects of both solvent composition and temperature on in vitro release of metformin hydrochloride were insignificant (p < 0.05). The release kinetic data obtained fitted most to the Higuchi model (Table 2) , thus indicating that diffusion was the predominant mechanism of drug release. Up to 80 % of the microballoons remained floating for longer than 12 h, thereby ensuring the release of the drug into the simulated gastric fluid in a sustained manner.
DISCUSSION
Ethanol, is a good solvent for EC and HPMC and therefore would preferentially diffuse out of disperse droplets (organic phase) into the aqueous phase used in this study; this resulted in the polymer blend instantly solidifying as a thin film at the interface between the aqueous and the organic phases. The yield of microballoons is a function of diffusion of solvents in the organic phase into aqueous phase. It has been reported that when the diffusion rate of solvent out of emulsion droplet is too slow, microspheres coalesce together. Conversely, when the diffusion of solvent is too fast, the solvent may diffuse into the aqueous phase before stable emulsion droplets are developed, causing aggregation of embryonic microsphere droplets [20] . The results of this study indicate that the formation of microballoons is a function of process variables such as polymer concentration, solvent composition, rate of agitation and temperature. The temperature of the dispersing medium was an important factor in the formation of microballoons because it controlled the rate of evaporation of the solvent. The optimum temperature for the formation of microballoons with good floating properties was room temperature (formulation P15).
The mean particle size and wall thickness of the microballoons increased with increase in polymer concentration. This may be attributed to increased viscosity of the medium at higher polymer concentration resulting in enhanced interfacial tension. Shearing efficiency diminishes also at higher viscosities, resulting in the formation of larger particles.
When the rotation speed of propeller was fast (1000 rpm), the average particle size decreased and their morphological (A)
characteristics were maintained. At low rotation speed (250 rpm), the shear force was not sufficient to form stable emulsion droplets, and hence larger droplets were formed which subsequently aggregated. Thus, the optimum rotation speed for the formulations made in this study is medium, i.e., 500 rpm, based on the mean particle size and incorporation efficiency of formulation P9.
Solvent composition was found to be a vital factor in the formulation process governing the yield and particle size of microballoons.
As the amount of dichloromethane increased, the average particle size of microballoons also increased. Since alcohol preferentially diffused out of the emulsion droplets, dichloromethane became the major constituent of the internal organic phase. The polymer, not being soluble at the interface between dichloromethane and aqueous phase, progressively solidified around dichloromethane-rich emulsion droplets and the volume of dichloromethane within the droplets became the size determining factor. The content of dichloromethane also affected the morphology of microballoons and the best results were obtained at alcohol : dichloromethane ratio of 2:1 (formulation P12).
Microballoons formulated with the polymer blend in which HPMC constituted the higher proportion (formulations P5, P6 and P7) were smaller in size than microballoons in which EC formed the higher proportion. The solvent diffusion and evaporation method used produced spherical microballoons with smooth outer surface and hollow core. Incorporation efficiency of formulated microballoons was a function of process variables as well as the physicochemical properties of drug. It was observed that variation in polymer concentration influenced incorporation efficiency. This is because the increase in viscosity at higher polymer concentrations restricted the movement of drug from the polymer matrix into the aqueous phase. Drug solubility in the organic solvents also affected incorporation efficiency. The drug is hydrophilic, and therefore, it would leach optimally into the aqueous phase. However, increase in polymer concentration had no impact on the yield of microballoons.
In the present study, the polymer content of the formulation was the key factor governing drug release from the microballoons. It seems that as the polymer content increased, there was an increased in the diffusional path length of the drug, thus decreasing the overall drug release rate from the polymer matrix.. Also, since higher rotation speed yielded smaller microballoons in which in turn increased drug release, it is clear why higher agitation resulted in microballoons with faster drug release. The effects of both solvent composition and temperature on in vitro release of metformin hydrochloride were, however, insignificant (p < 0.05). The release kinetic data obtained fitted most to the Higuchi model, thus indicating that diffusion was the predominant mechanism of drug release. As high as > 80 % of the microballoons remained floating for longer than 12 h, thereby ensuring the release of the drug into the simulated gastric fluid in a sustained manner.
CONCLUSION
Metformin hydrochloride microballoons with good floatation sustained release characteristics in simulated gastric fluid in vitro has been successfully developed using the solvent evaporation and diffusion method. In vivo studies are, however, required to establish the suitability of the formulation method used.
